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ABSTRACT

4;1/ The sensitivity of predictions of self-forging fragment shape and kinetic energy to
variations in the Jones-Wilkins-Lee (JWL) equation of state for the detonation products

is studied parametrically using the EPIC-2 finite element computer code. JWL

parameters are varied for two warhead designs: the EXROD (EXplosive Remote

Opening Device) and the REDM (REsearch and Development Munition). The resulting

percentage changes in shape factor and kinetic energy are presented in tabular an-!
graphical form, and the most influential JWL parameters are identified. //
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1.0 INTRODUCTION

1.1 Background

During the course of a confrontation, Canadian Forces military engineers employ
explosives and shaped charges to destroy bridges and other structures in a counter-
mobility role. Currently, these charges must be physically attached to the structure being
demolished, often a difficult and time-consuming task. As an alternative, the
self-forging fragment (SFF) type of projectile, used for example in off-route anti-tank
mines, is under study at DRES to see if it could provide military engineers with a
long-standoff rapid- demolition capability. The development of a long-standoff SFF
wall-breaching device is also being pursued.

/
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In studying the application of self-forging fragment technology to ihe dcniolition
role, a reduction in the size and cost of an experimental field program is afforded by the

use of finite element computer codes which can predict both fragment formation and
target impact. An important factor in obtaining a reasonable prediction of fragment

formation is the use of an accurate pressure-volume relationship for the explosive's
detonation products. This relationship is given by the Jones-Wilkins-Lee (JWL)
equation of state. For many explosives, the coefficients of the JWL equation have been
tabulated in the literature. However, for some explosives of interest for potential use in
SFF devices, the JWL coefficients have not been published. In such cases, estimates
must be made based on explosives of similar properties. It is of considerable interest to
know what effect inaccurate estimates would have on predicted fragment characteristics. i

Such considerations provided the motivation for the study reported herein. The
sensitivity of predictions of the EPIC-2 computer code (I) to changes in the JWL
equation of state for two SFF warhead designs are investigated: the EXROD (Explosive
Remote Opening Device) and the REDM (Research and Development Munition).

1.2 Description of EPIC-2

The EPIC-2 (Elastic-Plastic-Impact Computations in 2 Dimensions) code is

based on a Lagrangian finite element formulation where the equations of motion are
integrated directly, rather than through the traditional stiffness matrix approach. The
formulation uses a triangular element, which is well-suited to representing the severe
distortions which often occur during fragment formation. Although the code is arranged
to provide solutions for projectile-target impact and explosively-formed projectiles, the
basic formulation is valid for a wide range of problems involving dynamic responses of
continuous media. The code is applicable to axisymmetric and plane strain problems. It
also has the capability to handle the effect of spin for the axisymmetric case. The
EPIC-2 code includes nonlinear material strength and compressibility effects to account
for elastic-plastic flow and wave propagation. It has an elastic-plastic material model ill
which strain hardening, strain rate, and thermal softening effects can be included. It has
a mesh generator to construct meshes for various simple shapes. It has the capability to
include multiple sliding surfaces. The post-processor provides plots of initial and
deformed geometry as well as stress, strain, pressure and velocity fields. It also has the
capability to produce time-dependent plots of varicr.ts system parameters.

UNCLASSIFIED
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1.3 Self-forging Fragment Devices

Briefly, a typical SFF device, as depicted in Figure 1 (2), consists of a high
explosive charge, metal liner, body and an initiation system. When the explosive is
initiated, a detonation wave traverses the high explosive and contacts the metal liner,
forming it into a single non-molten slug or fragment travelling at a velocity of typically
I -- 3 km/sec. Useful ranges for these warheads can vary from 10 m to 300 in,
depending upon the application.

The two SFF devices which were the parent designs of this parametric study will
now be discussed in more detail.

REDM - Developed specifically for the experimental investigation of SFF
formation and target impact, this axisymmetric warhead design utilizes a 1.7 kg
Octol 75/25 explosive filling to drive a 143 mm diameter OFHC copper liner. The finite
element representation of this design is illustrated in Figure 2.

EXROD - This second axisymmetric SFF, whose finite element model is shown
in Figure 3, was developed primarily for explosive ordnance disposal applications; hence
its smaller size compared to the REDM. In this design, a 500 g Octol 70/ 30 charge
propels a 73 mm diameter SAE 1020 steel liner.

1.4 JWL Equation of State

An explosive equation of state is an essential part of any SFF computer model. Its
purpose is to predict the pressure of the detonation products as the detonation wave
propagates through the solid explosive. The liner is then in turn deformed by this
pressure into a slug or fragment travelling at high velocity. The Jones-Wilkins-Lee
(JWL) equation of state is chosen because it can accurately describe the behaviour of the

detonation products over the extremely high pressure regime encountered. The JWL
equation of state (3) is:

P = A(I - co/RV)e "R ' v + B(I - co/R2V)e "R 2v + wE/V [1]

where P = pressure (GPa)
V (volume of detonation products)/(volume of undetonated explosive)

= relative volume
E = internal energy per unit volume (GPa)

A, B = linear coefficients (GPa)
c = dimensionless linear coefficient

R,, R, = dimensionless non-linear coefficients

UNCLASSIFIED
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The five JWL coefficients published for 78/22 Octol (4) are:

A = 748.6 GPa
B = 13.38 GPa

R, = 4.50
R 2 = 1.20

co = 0.38
with E = 9.60 GPa.

EPIC-2 simulations of the REDM and EXROD geometries performed with the
above values for the five JWL coefficients will henceforth be referred to as the parent
cases. In this study, these five coefficients will be varied in the EPIC code and their
respective effects on the REDM and EXROD fragment shapes and dynamics compared
to the parent cases.

2.0 PARAMETER VARIATIONS

Before selecting the changes in the five JWL parameters from the parent case, it is
first necessary to recognize limits on their range of possible values. To begin with, since

P is positive, A, B, R,, R2 and co must all be non-negative. Secondly, R, and R2 must
always be greater than or equal to co/V to ensure that P is positive. The limiting case
occurs at the Chapman-Jouguet point where V is at a minimum. This volume, the
Chapman-Jouguet relative volume, can be calculated from simple I-dimensional
detonation theory (3) as shown below:

V, = I - P,/eoD2

where V, = Chapman-Jouget relative volume
P, = Chapman-Jouget presssure

Qo = initial density
D = detonation velocity

For 78/22 Octol, these constants have the following values (4):

Pc, = 34.2 GPa
Qo = 1.821 g/cm 3

D = 8.48 mm/pis

yielding a Chapman-Jouguet relative volume of 0.17.4. Hence, for co = 0.38, both Rand

R2 must always be greater than or equal to 0.51.

UNCLASSIFIED
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It was decided at the outs-. of the project that a parametric study which took into

account all possible combinations of variations in A, B, R,, R, and w, while desirable in

principle, would be impractical in practice due to the excessively large number of
computer runs required. It was decided to limit the study to single parameter variations,
i.e., to cases in which one parameter was varied while the four remaining ones were
maintained at their parent values.

It was necessary to establish a range of values for each parameter variation. A

guide as to a suitable magnitude for each parameter change is the range of values of that
parameter for all high explosives for which JWL data are available. Table I lists the
maximum and minimum measured values for each JWL coefficient, regardless of
explosive composition, expressed as a percent deviation from the respective coefficient

for Octol 78/ 22. It was also considered advantageous to standardize the relative
magnitude of each parameter change, so as to simplify comparison of the effect of
varying different parameters. Lastly, preliminary tests indicated that substantial changes

in the linear parameters (greater than 50076) were required to detect significant

differences in fragment shape and dynamics. After consideration of these factors, a

standard variation for each parameter of ± 1007o about the parent values was chosen,
except for R, and R. which cannot be reduced by 100%N for the previously-cited reason.

Instead, R, and R2 were each reduced by 2007o. This percentage reduction produces
values which are still within the known minimum range of values for these two

coefficients (see Table 1) and also satisfies the constraint R,, R2 > 0.51.

The final strategy for parameter variations became:

A± 1005Vo
B ± 1000o

R, + 100076, - 2007

R-, + 10007c, - 2007

W ± 1000

Each coefficient was altered one at a time, making for a total of ten EPIC code

calculations for each of the two SFF designs. In addition, one calculation was carried

out using the parent parameters for each of the REDM and EXROD designs.

UNCLASSIFIED
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3.0 PRESENTATION OF RESULTS

3.1 Fragment Shape

Fully-formed fragment shapes predicted by EPIC-2 for both the REDM and
EXROD geometries are illustrated in Figures 4 and 5 respectively. Two representative
r&.:rameter variations (REDM: A + 100%, A - 10007o; EXROD: R, + 100%10,
R, - 20%) are shown for comparison with each parent parameter case. As noted in
these figures and verified by flash x-radiographs of the parent cases, the material
comprising the liner edges fails and breaks away from the main body during the initial
stages of fragment formation and hence can be ignored for the purposes of comparison.
A complete catalogue of REDM and EXROD fragment shapes for each parameter
change is contained in the appendix.

A quantitative measure of fragment shape change was introduced in the form of a
dimensionless geometric shape factor, defined in Figure 6. If one ignores the liner edges
(since they break off, as explained previously) and the uneven cot .,ex nose (which is an
artifact of the computation process related solely to mesh size), the EXROD fragment's
exterior profile can be approximated as a bullet-nosed projectile of diameter d and nose
length I with a negligible cylindrical afterbody. Again ignoring the liner edges, the
REDM fragment's exterior profile can be approximated as a right circular cone of base
diameter d and height 1. The dimensionless shape factor for both geometries is then
simply the ratio lI/d.

The percentage changes in shape factor between each parameter variation and the
parent case are given in bar chart form in Figure 7 for both the REDM and EXROD
geometries. The shape factors themselves are tabulated in Table 2.

An alternative measure of fragment shape change employs the change in drag
coefficient. This approach, however, has more restricted applications than the shape
factor as drag data at hypersonic speeds are available for only a limited range of
geometries. In the case of the highly non-aerodynamic REDM fragment, such drag data
are unavailable. The EXROD fragment, on the other hand, lends itself well to this
approach. Figure 8 presents drag coefficients for bullet-nosed bodies similar in shape to
the EXROD fragment. As drag data are given at M = 1.6, whereas the EXROD
fragment travels at an approximate speed of M = 8, the absolute magnitudes of CD will
be overpredicted since CD decreases with increasing supersonic Mach number (see

UNCLASSIFIED
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Figure 9). However, it is the changes in drag coefficient relative to that of the parent
case that is of primary interest. Over the narrow range of x/d values for the EXROD
fragments (.26 - 1.28), the drag coefficient curve at M = 8 is assumed to be similal in
form to that in Figure 8. In fact, in this application, the curve can be utilized as if it were
valid for bodies at M = 8 since the resulting overpredictions in drag coefficient will
largely cancel one another when computing the percentage changes in C, relative to the
parent case drag coefficient. These percentage changes are presented in Figure 10 while
the values of the drag coefficients are tabulated in Table 3.

3.2 Fragment Kinetic Energy

Most penetration theories correlate projectile kinetic energy, rather than
projectile velocity, with target penetration. Therefore, fragment kinetic energy was
chosen to characterize the effects of the parameter changes on fragment dynamics. Since
the EPIC code does not account for drag forces on the fragment during its flight, the
kinetic energies calculated are for a fragment just after it is fully formed, rather than just
before striking a target some distance away. Figure 11 presents the percentage deviations
in kinetic energy from the parent case of both the REDM and EXROD designs. Table 4
contains the raw velocity data from which the changes in kinetic energy were calculated.

4.0 DISCUSSION OF RESULTS

4.1 General

Changing the JWL parameters obviously alters the pressure predicted by this
equation of state. By inspection of the JWL equation of state (equation 1), a change in
any of the linear JWL coefficients, A, B and co, produces a change in pressure of the
same sign. Of the terms containing the non-linear coefficients, R, and R2 , the negative
exponentials dominate and hence a change in either of these two parameters produces a
pressure change of opposite sign. Momentum is transferred from the detonation
products to the liner in both the radial and axial directions. In ,hlc radial direction, an
increase in the detonation products' pressure primarily causes the liner elements to
converge more towards the axis. Axially, an increase in pressure primarily raises the
forward velocity of the fragment. A decrease in the pressure predicted by the JWL
equation of state produ,:es opposite effects. The radial and axial effects of the parameter
changes will be dealt with in the following two sections.

UNCLASSIFIED
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4.2 Fragment Shape

The main radial effect of variations in the five JWL parameters is on fragmcnt
shape. More specifically, the changes in detonation product pressur,- alter the radial
movement of liner material towards the axis of symmetry. This movement of liner
material will henceforth be referred to as radial convergence.

The effect of the linear parameter, A, on radial convergence is shown in Figure 4
using the REDM fragment as an example. An increase in the pressure of the detonation
products caused by raising A by 10007o resulted in a more slender final slug displaying
much more radial convergence than the parent parameter case. Conversely, a decrease of
the same amount in the A parameter yielded a squatter fragment with less radial
convergence. Results of variations in the two remaining linear parameters,
B and w, follow similar patterns.

The effect of the non-linear parameter, R,, is shown in Figure 5 using the
EXROD as an example this time. As R, is the coefficient of a negative exponential term
in the equation of state, a reduction in R, of 2007o raises the detonation products'
pressure and produces a fragment exhibiting more radial convergence while an increase
of I0O6io has the reverse effect. The other non-linear parameter, R,, behaves similarly.

The quantified effects of JWL parameter changes on fragment shape, expressed
as cl,anges in the shape factor l/d, can be observed in the bar chart of Figure 7. Now the
rela.ive effect of each parameter on fragment shape emerges. As the first term in the
JWL equation of state for Octol accounts for over 70% of the peak pressure generated at
the CJ point (since A is much larger than B and E), it is not unexpected that changes in
the JWL coefficients in this term (A and R,) produce the greatest positive and negative
variations in shape factor. The remaining coefficients, B, co and R1 , attached to the
second and third terms in the JWL equation of state, affect 1/d to a lesser, though still
significant, degree.

Notice the sign of the parameter change and the sign of the change in I/d.
Positive changes (i.e., increases) in the three linear parameters, A, B and w, cause
positive changes in l/d since the resuuilg pressure increase drives the liner elements
closer to the axis, raising the l/d ratio. Conversely, negative changes in the linear
coefficients cause negative changes in li/d. Positive changes in the two non-linear
parameters, R, and R2 , cause negative changes (i.e., reductions) in lid since they result
in lowered pressures and hence less radial convergence of the liner. Conversely, negative
changes in R. and R, will cause positive changes in l/d.

UNCLASSIFIED
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Due to the inverse relationship between C and 1/d (see Figure 8), the alternate
measure of fragment shape change, the drag coefficient, responds in a manner directly
opposite to the shape factor /d. That is, variations in the linear parameters result in
changes of opposite sign in CD while variations in the non-linear parameters produce
changes of the same sign in C,. Again, A and R, are the most influential parameters,
producing the greatest variations in C,.

4.3 Fragment Dynamics

The main axial effect of JWL parameter changes is to alter the fina! kinetic er,ergy
of the fragment. The bar chart of Figure I I details the influence of each parameter on
the kinetic energies of both designs studied in this report. Changes in the linear
parameters produce pressure changes of the same sign and hence kinetic energy changes
of the same sign through the transfer of momentum from the detonation gases to the
liner. Changes in the non-linear parameters produce pressure changes of the opposite
sign and hence kinetic energy changes of the opposite sign. Also note that, here too, A
and R, are responsible for the greatest deviation.

It is noteworthy that the kinetic energy variations in Figure 11 for the REDM and
EXROD designs are almost interchangeable. Since the REDM and EXROD form
fragments of different shape, this result suggests that the effect of JWL parameter
changes on fragment kinetic energy may be largely geometry-independent.

5.0 CONCLUSION AND RECOMMENDATIONS

For the parameter variations considered in this report, the greatest positive and
negative effects in fragment shape and fragment dynamics for the two munitions under

study are summarized below:

EXROD REDM

076 change 1/d + 10C + 78

- 59 - 41

% change K.E. + 41 + 58
- 30 -30

UNCLASSIFIED
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All ol the above changes in fragmen( characteristics were duc to variat ions in 11
two most influential JWL parameters, A and R,. Since the size of thc paranictc
variations utilized in this study are generally much larger than those that would normally
be encountered when applying the EPIC-2 code, the percentage changes in shape factor
and kinetic energy represent an upper bound of what would occur in practice.

With respect to the parameter variations, this study has treated the JWL equation
of state as an empirical relation in which the parameters can be varied independently.
The constraints that simple one-dimensional detonation theory place on 'he equation of
siate have been ignored. These constraints would, in fact, establish a dependency among
the parameter variations and limit their magnitudes of chang,'-. The method given in
Reference 6 for obtaining JWL coefficients from cylinder test data may be used to
establish this dependency. It is recommended that a future parametric study be carried
out with variations thus constrained.

UNCLASSIFIED
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TABLE 1

Range of known JWL coefficients for most high explosives expressed as a percent

deviation from the respective coefficiera for Octol 78/22.

q'o I)EVIATION
JWL COEFFICIENT

MAX MIN

A + 13 -78

B + 74 - 76

R, + 56 - 14

R2  + 67 - 21

S+ 21 - 47
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TABLE 2

SHAPE FACTOR DATA FOR EXROD AND REDM FRAGMENTS

PARAMETER CHANGE EXROD I/d REDM i/d

parent case 0.64 5.63

A + 100%/ 1.28 9.55
A - 100% 0.26 3.32

B + 100% 0.93 6.78
B - 100%o 0.35 4.81

w + 100% 0.73 6.47
Co - 100% 0.46 3.50

R, + 100% 0.32 3.32
R - 20% 1.26 10.00

R2 + 100% 0.39 4.88
R2- 20% 0.71 5.67
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TABLE 3

DRAG COEFFICIENTS FOR EXROD FRAGMENTS

PARAMETER CHANGE x/d C0)

parent case 0.64 .585

A + 10007 1.28 .338
A - 10007o 0.26 .854

B + 10007 0.93 .456
B - 10007 0.35 .769

wo + 10007 0.73 .538
w - 10007 0.46 .692

R, + 1 00%7 0.32 .800
RI- 2007 1.26 .346

R2 + 100%O 0.39 .738
R2 20(r% 0.71 .546
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TABLE 4

VELOCITY DATA FOR EXROD AND REDM FRAGMENTS

PARMEER HAGE EXROD VELOCITY REDM VELOCITY

(km/s) (km/s)

parent case 67

A + 10007o 3.059 2.948
A - 10007 2.276 2.118

B + 1000/0 2.951 2.858
B - 100% 2.281 2.178

w + 1000% 2.780 2.685
co - 100% 2.327 2.240

R , + 10001 2.202 2.123
Rl- 200% 3.129 3.187

R2 + 100%7 2.373 2.263
R, - 20% 2.763 2.649
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(from Reference 5, Chapter 16, Figure 16j
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Figure 9

THEORETICAL AND EXPERIMENTAL DRAG COEFFICIENTS OF VARIOUS

CONICAL HEADS AT TRANSONIC AND SUPERSONIC MACH NUMBERS
(from Reference 5, Chapter 16, Figure 23)
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PERCENT CHANGES IN EXROD CD FOR EACH
PARAMETER VARIATION
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PERCENT CHANGES IN EXROD AND REDM KINETIC ENERGIES

FOR EACH PARAMETER VARIATION

UNCLASSIFIED



UNCLASSIFIED

APPENDIX

EXROD AND REOM

FINAL FRAGMENT SHAPES

UNCLASSIFIED

* .. 2~. * e -X4



UNCLASSIFIED SM 1124

EXRQD

cm 0 1 2 3 4

PARENT CASE

A+100% A -100%

c Z 0~

B -100%

B + 100%

c+ 100%
100

R 20%R 1 + 100%

R2 + 100%

R2 - 2j0J%

UNCLASSIFIED



U NCLASSLiiED ',),I I124

REDM

4 8 cm

PARENT CASE

A+ 100%

+ 100%

R- 20%

R2 -20%

DIRECTION.OF FLIGHT

UNCLASSIFIED
t."



UNCLASSIFIED SM 1124

REDM

0 8 cm

DIRECTION OF FLIGHT

UNCLASSlIFD,:*



r%

B - 4 UNCLASSIFIED _______

This Sheet Security Clptsification

DOCUMENT CONTROL DATA - R & 0
IScu-t ci %easiOf-co of title. body of sitrect end Indewxing annotan must be tintwed wht'en the overall documet is ciauuif sod)

IORIGINATING ACTIVITY 2a. DOCUMENT SECURITY CLASSIFICATION

Defence Research Establishment Suffield 2b. GROUP

Sensitivity of SFF Computer Simulations to Variations in the JWL Equation
of State

4DESCRIPTIVE NOTES ITylse of repof" en slut~vi dates)
Suffield Memorandum No. 1124

56 AUTI4QR(S) Most name, fitst name. m~dIe Initial)

K.R. Torrance

6. DOCUMENT DATE 7*. TOTAL NO. OF PAGES Ib.NO. Or REFS
January 1985 34 16

G. PROJECT OR GRANT NO0. g. ORIGINATOR'S DOCUMENT NUMERIS)

27C20 Suffield Memorandum No. 1124

Bb CONTRACT NO. 9b. OTHER DOCUMdENT NO.IS) (Any other numbers that may be
auelu'ed this document)

10. DISTRIBUTION STATEMENT

Unl imi ted

It. SUPPLEMENTARY NOTES 12. SPONSORING ACTIVITY

13. ABSTRACT

The sensitivity of predictions of self-forging fragment shape and kinetic
energy to variations in the Jones-Wilkins-Lee (JWL) equation of state for the
detonation products is studied parametrically using the EPIC-2 finite element
computer code. JWL parameters are varied for two warhead designs: the EXROD
(EXplosive Remote Opening Device) and the REOM (REsearch and Development
Munition). The resulting percentage changes in shape factcr and kinetic energy
are presented in tabular and graphical form, and the most influential JWL
parameters are identified.



This Sheet Security Classification

KEY WOROS

self-forging

fragment

EPIC

simulation
JWL
equation

variation

INSTRUCTIONS

I (tI(,INAIIN( ACTIVITY Entr the name arnd address of the 9b. OTHER DOCUMENT NUMBER(S): Itthe document hes been
i.%st.imaj the .Iocu.nenst. assignd any other document numbers (eiither by the otriginator

of by the sponsor), also enter this number(s).
2s DOCCUMENT SECURI FY CLASSIFICATION Enter the overall

tecuttv ctjssitsceteon of the document including special werning 10. OISTRISUTION STATEMENT: Enter any limitations on
terms whrivesi appt~cabli. further dissemination of the document, other than those wiposled

by security classification. using standard statements such off:
iii GR4OUP F it. sec~urity reclasuification group number. The three

.. i. iliriit. .%i Atprsnduit *MoI that ORB Security Regulations. (1) "Qulified requesters may obtain copies of this
document from their defence documentation center."

.1 )CLthNtl7N 1 IT LE lfnsio the complete dfocument title in alt
* i itiii t it th~i ill cases %mould be unclassifiedl. If a (2) -Annmouncement and dissemination of this document

s~tn~ ti-sc.'pt-v title clannot be selected without classifi. is not authorized without prior appro~s) from
it IN. hvy twti rt..st~tication with the usual one-capital letter originating activity."

m. p.ii. .nthesos .emedatoaty following the title.
11. SUPPLEMENTARY NOTES. Use 101 additionail aeipgana:mty

4 1_ESCRItPT VE NOTES Estier the catepgory of document. e.g. notes.
lis h ...coi eport. tochnical note or technical flloe. If appropri-
atw *'nt... the type-' of idocument. e.g. intorimr, progress, 12. SPONSORING ACTiVITY: Enter the name of the departmental
% ...... n.i" v. ...snual no final. Give the inclusive dates when a project office or laboratory sponsoring the research and
N.,.f..c reporting periodl is covelred, development. Include addrsess.

5s AUTNOHISI Entor the nurnels) of author Is) as ,sown on or 1J. ASSTRACT- Enter an abstract giving a brief andI factual
isa that fittsitteieii. Ewer test naine, first nane. inoddle initial, summary of the document, even though it may also appear
Ifi ndsltry. show oiet. Thi name of the principal author is aon elsewhere in the body of the document itself. It is highly
Alttoutt minimum 1iratmrittent. desirable that the abstract of classified documenfs be uncicas.

haed, Each peregraph of the abstract " aend with an.
(.DOCUMENT DATE Enter the date imanth. ye'..) of indication of the socuity clasification of the information

Esstslistiuni approvel for publication of the d~ocument. in the pairagraph lunlee the documetnt stseli is unclessified)
represented as ITS). (SI, (C). (Ric or (U).

Ito TOTAL NUM83EI OF PAGES- The total 9Wag count should
Isilmsv iisrnsl ptgoiidsteo vrocoduroia. i.e.. enfer the numb. The leingth of the abstract should be limnited to 20 slngle.,oaoed
toi Isuaga ii istiin-eigsg iormtinoln, standard typewritten lines; 7%~ inches long..

Ito 'vUM111It OF fT-E IL N:ES Enouw the total numnber of 14. KEY WORDS: Key words wre technically mningsaful terms or
stat eroom a.% siesuti siitiieiokisorisni short phrases thot characteri,e a document and c~ould he helpful

its calalriging the document. Key words should hie sate. teod so
to ilwO~kul offt GIIAN F Nt!Mt8ER. If approprtate. enter the that no asecumityV clessification is required. drtiir such is

:i,poist i aii ,irsuieoctalanif iivvlolrossnt protect or granrs umfba 0ss-l'pnent Mirdl iesacialinri trade@ names. military project -ode
.illor whi11 tloo dies sirsrf was writ tan, name. gogreptc location m oay tie used in key w"rds but wiltl

lie followed by en indication of. technical coteixt.
Rb. CONT14ACT NUMhBER If tppmooroafto tinter the applicable ,-

siiis wihise wicmh the drscuneno was written. ,. .-

-in. OJilfGINATOWtS DOCUMENT' NUMBERI;S?' Enter the'
1ilfiral ikltniit oirrtisby which the doculltent wl be ; -

is, ltuoitioluwulitnei contnitlsl fey the oritmsating activity. This '~ g
J, smobib toetust isa unoisse 10 ts cursteit. CsAA 04,41.~~

W04 V.



UNCLASSIFIED SM 1124

DIRECTION OF FLIGHT

LINER EDGE
MATERIAL FAILS

PARENT
CASE

A + 100%

A - 100%

0 4 8cm

Figure 4

REDM FINAL FRAGMENT SHAPES FOR 2 REPRESENTATIVE

PARAMETER VARIATIONS

UNCLASSIFIED

• . . ' ,- , , , .. . . . ,. , . " .,, . ,,.,.,, : ., , • k. .


